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The sudden and unexpected death of a child is defined as 'the death of a child which was not anticipated as a significant possibility, 24 hours before the death, or where there was a similarly unexpected collapse leading to, or preceding the events which led to the death' . [1] Such deaths are well known to occur in the first year of life, after the neonatal period, and become less frequent after the first birthday. According to South African (SA) legislation, sudden deaths are classified as unnatural deaths in terms of the Regulations Regarding the Rendering of Forensic Pathology Service R636 and are referred for medicolegal investigation in accordance with the provisions of the Inquests Act 58 of 1959. In a significant proportion of these cases the cause will remain unascertained, so it is of the utmost importance to carry out every possible investigation. [2] [3] [4] In 2009, 48 033 (1.9%) of 2 437 163 deaths in the USA were of children aged 0 -18 years. [5] In the same year in SA, 69 878 children died (11.85% of total deaths). [6, 7] The vast majority of sudden unexpected deaths of adults are due to coronary artery disease, but in children the causes are more diverse and include sudden cardiac death (SCD), central nervous system abnormalities (especially in children with epilepsy), and infectious disease (mainly in developing countries). [8] [9] [10] [11] SCD is reported to be the most prevalent cause of death, especially in the young (people aged <40 years). Structural abnormalities of the heart are detected at autopsy in most cases of SCD, but morphological abnormalities are absent in a significant proportion. [3, [9] [10] 12] It has been suggested that some of the latter cases may be explained by cardiac channelopathies such as long QT syndrome, Brugada syndrome and catecholaminergic polymorphic ventricular tachycardia. [3, [9] [10] 12] Many sudden unexpected deaths in children remain a mystery, without a possible explanation for the cause. The proportion of sudden deaths with no morphological abnormalities can range from 3% to 53%. The absence of morphological findings at autopsy emphasises the importance of thorough investigations, additional examinations, and research into these deaths to obtain a better understanding of the underlying pathophysiology and to implement possible preventive measures. [3, 9, 13] There is a paucity of published data on the causes and incidence of sudden unexpected deaths of children in SA. The objective of this study was to review these cases in order to document possible risk factors and trends, and identify potential strategies to prevent sudden unexpected death in children. We also envision that this study will lead to further research in this field.
Methods
A retrospective case audit was done of all sudden and unexpected deaths of children aged 1 -18 years investigated at the Pretoria MedicoLegal Laboratory (PMLL), SA, from 1 January 2007 through to 31 December 2011. Data recorded in each case included the month of death, demographic details, autopsy findings (including ancillary investigations) and primary medical cause of death. Histological slides were reviewed by two independent pathologists. Approval was obtained from the Faculty of Health Sciences Research Ethics Committee, University of Pretoria (ref. no. 75/2013). Infants were excluded from the study. Sudden deaths in infancy are not uncommon, and in the USA 70% of these are determined to be due to sudden infant death syndrome (SIDS). [14] MEDICINE AND THE LAW Sudden and unexpected childhood deaths investigated at the Pretoria Medico-Legal Laboratory, South Africa,
-2011 Results
During the 5-year study period, 11 416 cases were admitted to the PMLL, 98 of which were children aged 1 -18 years who had died suddenly and unexpectedly (the study popu lation). These sudden and unexpected deaths equate to ~1% of all admissions to the PMLL.
The gender distribution was relatively equal, with a male/female ratio of 1.04:1. The majority of the deaths were of children aged 1 -5 years (n=50, 51.0%) followed by 23 deaths in the 16 -18-year age group (23.5%), 15 deaths of 11 -15-year-olds (15.3%) and 10 deaths in the 6 -10-year age group (10.2%). The largest number of deaths occurred in August. Some seasonal peaks were noted, typically at the change of seasons in March and November (Fig. 1) .
A complete autopsy with evisceration of all organ blocks was conducted on all cases. Fig. 2 illustrates the number of anci llary investigations performed in these cases. Histological investigations were done in 73/98 cases (74.5%), toxicological investigations in 33/98 cases (33.7%) and virological and microbiological investi gations in 1 case (1.0%) each. Review of the histological examinations showed that between 2 and 20 microscopy slides were reviewed on each case (total 493 slides, average number per case 7). The organ most often sampled was the lungs, followed by the brain and heart. In 40/73 cases (54.8%) the histological examination did not contribute to ascertaining the cause of death, in 18/73 cases (24.7%) the histological findings confirmed the macroscopic diagnosis, and in 15/73 cases (20.5%) the cause of death was determined by means of the histological examination alone. Independent review of the microscopy slides revealed no discrepancy with the diagnosis in the majority of cases (42/73, 57.5%), minor discrepancies in 14/73 cases (19.2%) and major discrepancies in 17/73 cases (23.3%). In 28/98 cases (28.6%), no anatomical cause of death was identified after completion of the autopsy (including ancillary investi gations). Pneumonia was diagnosed in 22 of the cases in which a cause of death was ascertained, 9 cases were deemed to be due to unspecified 'natural causes' , and in 9 cases the investigations had not been completed pending the availability of toxicology results. Meningitis was diagnosed in 6 cases and myocarditis in 5. The remaining 19 cases included gastroenteritis, aspiration and malignancy (Fig. 3) . Analysis of the ages of the children and the causes of death revealed that 15 of the 28 deaths with unascertained causes (53.6%) and 15 of the 22 deaths from pneumonia (68.2%) occurred in children aged between 1 and 5 years.
Discussion
Sudden and unexpected deaths in children in the USA accounted for 3% of all sudden deaths in 2009. [14] Krous et al. [15] reported an incidence of 1.5 deaths per 100 000 live births for sudden unexplained death in childhood (SUDC) in the USA (sudden death in infants was excluded). In northern Spain (1990 Spain ( -1997 ) the reported mortality rate for sudden unexpected non-violent death in children between the ages of 1 and 19 years was 1.7 per 100 000 persons per year, with 9% of all non-violent deaths in this age category being sudden and unexpected. [8] In our study, these deaths accounted for approximately 1% of the total caseload at the PMLL.
Our results showed an equal distribution of deaths between boys and girls. Typically, the male/female ratio of cases admitted to the PMLL is 3:1. Most deaths (51.0%) occurred in children aged 1 -5 years. In Ireland (1994 -2008) , 5% of all deaths in children under the age of 5 were sudden and unexpected. [16] 
Fig. 3. Causes of death (N=98).
The SUDC Foundation in the USA documented the rate of sudden unexpected childhood deaths in children aged 1 -4 years as 1.3 per 100 000 children in 2014. [17] In our study, pneumonia was determined to be the cause of death in 22.4% of the total number of cases, with the majority of these deaths occurring in children aged 1 -5 years. It can be postulated that younger children are at an increased risk of death from pneumonia. The importance of ancillary investigations in these cases, especially histological examination of tissue slides, could prove essential in making or confirming the diagnosis. The cause of death was ascertained on the basis of the histological findings alone in only 20.5% of our cases. This is lower than the 54% reported by Weber et al. [18] Deaths for which no cause can be ascertained at autopsy (as in the largest proportion of our cases) are referred to as autopsy-negative sudden unexpected deaths (ANSUDs). As ANSUDs represent a significant proportion of total cases in our study, it would be useful to attempt to identify the underlying mechanisms that contributed to these sudden deaths. [3, 9, 13, 19] Advances in postmortem genetic testing (so-called 'molecular autopsy') have made it possible to identify an underlying genetic cause for some sudden unexpected deaths, indicating a cardiac-related cause of death in 35% of these deaths in children and in 10 -15% of cases of SIDS. [2, 9] 
Conclusions
In SA, no genetic or molecular testing is currently being done in the forensic setting owing to the high costs involved. Nevertheless, the way forward in this country is to consider a thorough molecular autopsy in each case of unexplained death to determine the cause, including cardiological and genetic evaluation of the first-and second-degree relatives of the deceased. From an ethical perspective, the question that arises is how much longer we can continue to tell family members that we do not know why their seemingly healthy beloved child died suddenly and unexpectedly. It is of utmost importance that these tests be implemented in SA in order to establish the prevalence of mutations that can result in sudden death, give answers to parents who have lost a child, and provide preventive strategies for the next of kin. Continued research in this area and studies of such cases are an absolute necessity.
